Perovskite-type sodium niobate, NaNbO 3 was prepared by hydrothermal reaction using an amorphous hydrated niobium oxide (a-Nb 2 O 5 ). A single phase of perovskite-type NaNbO 3 was obtained under the condition of 160°C and 1.0 M NaOH solution, and at higher temperature (²180°C) cubic shape particles with the size of 510 µm were produced. These cubic shape particles had well developed 110 and 001 planes. When other starting compounds, Nb 2 O 5 , HNbO 3 ·nH 2 O and HNb 3 O 8 ·nH 2 O were used, well crystallized particles were not obtained. The particles prepared from HNbO 3 ·nH 2 O and HNb 3 O 8 ·nH 2 O had irregular shape and cubic-like shape with the size of 15 µm. In the case of Nb 2 O 5 fine particles with the submicron size of ³0.5 µm were obtained.
Introduction
Sodium niobate, NaNbO 3 has the perovskite-type structure with the orthorhombic unit cell and exhibits antiferroelectricity. 1) This compound is an end member of sodium potassium niobate solid solution, (Na,K)NbO 3 which is one of the post-PZT candidate materials.
2)6) Besides ferroelectric application the perovskite-type alkaline niobates, ANbO 3 (A = Na, K) are known to have photocatalytic activity. 7) , 8) A number of researchers pay attention to these niobates and there have been many reports of hydrothermal preparation to obtain uniform fine powder for densed ceramic body 9)23) or high photocatalytic activity. 7 ), 8) We had reported that a new polymorphic form of NaNbO 3 could be synthesized by hydrothermal reaction and it had the ilmenite-type structure which transformed irreversibly to the perovskite-type phase at about 485°C. 24) For hydrothermal preparation of KNbO 3 three types of polymorphic forms had been obtained and the polymorphic form depended on the preparative conditions. 25) On the course of investigation of hydrothermal preparation of alkaline niobates, we found that well crystallized NaNbO 3 particle were prepared by using an amorphous hydrated niobium oxide (hereafter: a-Nb 2 (10 g ) and K 2 CO 3 (52 g) was melted in a platinum crucible at 950°C for 1 h, and after cooling the white cake was dissolved in a distilled water (500 mL). The solution was filtrated to remove an insoluble solid and added acid solution [HNO 3 (200 mL) and H 2 O (300 mL)] to precipitate white powder. The precipitation was filtrated and washed by distilled water (500 mL) and dried at 50°C. The product was an amorphous hydrated niobium oxide, Nb 2 O 5 ·nH 2 O.
The starting compound (1 g) was put into a teflon lined autoclave (70 mL) with 0.54 M NaOH solution (50 mL) and the autoclave was heated at 140200°C for 2496 h. The solid products were separated by filtration, washed with distilled water, and dried at 50°C. The products were identified by X-ray powder diffraction pattern using monochromated Cu K¡ radiation. The sample for X-ray powder diffraction pattern was dispersed on the sample holder glass by ethanol. The morphology of the particle was observed by a scanning electron microscopy (SEM). Figure 1 shows X-ray powder diffraction patterns of the products from a-Nb 2 O 5 . A single phase of perovskite-type NaNbO 3 was produced under the condition that the reaction temperature was above 160°C and the concentration of NaOH solution was above 1.0 M. The higher temperature and more concentrated solution promoted crystallinity of the products and the 110 and 001 preferred oriented X-ray powder diffraction patterns are observed for the products under the conditions (²180°C and ²2.0 M). The X-ray powder diffraction pattern of the single phase of perovskite-type NaNbO 3 can be indexed with the orthorhombic cell of the space group, Pbcm (#57) and the lattice parameters were a = 5. ). In the case of lower temperature and lower concentration of NaOH solution the products were Na 7 (H 3 O)Nb 6 O 19 ·14H 2 O 30) with very low crystallinity. The sample prepared at 180°C for 1 day in 1.0 M NaOH solution does not have uniform particle size, however, the samples in ²2.0 M NaOH solution have almost uniform particle size with ³10¯m as shown in Fig. 2 and these samples show the 110 and 001 preferred oriented X-ray powder diffraction patterns.
Results and discussion
We had reported that the ilmenite-type NaNbO 3 was prepared by using Na 8 Nb 6 O 19 ·13H 2 O as a starting compound. 24) Although the ilmenite-type phase never obtained when a-Nb 2 O 5 (1 g) was used as a starting compound in 50 mL NaOH solution, it appeared under the condition in 2 M NaOH solution (5 mL) at 160°C for 4 days. The particles of the ilmenite-type NaNbO 3 have an irregular shape as shown in Fig. 3 , though the ilmenitetype NaNbO 3 prepared from Nb 2 O 5 was a hexagonal plate particle with the size of ³10¯m. size of ³0.5¯m were obtained. The particles prepared from HNbO 3 ·nH 2 O had irregular shape with the size of ³1¯m, and those from HNb 3 O 8 ·nH 2 O had cubic-like shape with wide range of particle size of 15¯m. So far Nb 2 O 5 had been used as a starting compound for the hydrothermal synthesis of NaNbO 3 7),8),11),13),14),16) except the work by Santos et al. 9) and cubic shape particles with the submicron size were obtained. Santos et al. 9) used Nb 2 O 5 ·nH 2 O as a starting compound in order to eliminate the impurity included in the product and concluded no particular advantage for using Nb 2 O 5 ·nH 2 O. Nevertheless our result by using Nb 2 O 5 is consistent with the previous works for the hydrothermal synthesis of NaNbO 3 and well crystallized particles of NaNbO 3 with the cubic shape can be prepared only by using a-Nb 2 O 5 . Consequently the morphology of NaNbO 3 particles prepared by hydrothermal reaction depended on the starting compounds rather than hydrothermal conditions.
Conclusion
Perovskite-type sodium niobate, NaNbO 3 was prepared by hydrothermal synthesis using a-Nb 2 O 5 as a starting compound and well crystallized particles with cubic shape were obtained. When other starting compounds, Nb 2 O 5 , HNbO 3 ·nH 2 O and HNb 3 O 8 ·nH 2 O were used, the particle of the products was much finer than that from a-Nb 2 O 5 and the particle morphology depended on the starting compound.
